The influence of different nutrients on biosurfactant production by Rhodococcus erythropolis was investigated. Increasing the concentration of phosphate buffer from 30 up through 150 mmol/L stimulated an increase in biosurfactant production, which reached a maximum concentration of 285 mg/L in shaken flasks. Statistical analysis showed that glycerol, NaNO 3 , MgSO 4 and yeast extract had significant effects on production. The results were confirmed in a batchwise bioreactor, and semi-growth-associated production was detected. Reduction in the surface tension, which indicates the presence of biosurfactant, reached a value of 38 mN/m at the end of 35 hours. Use of the produced biosurfactant for washing crude oilcontaminated soil showed that 2 and 4 times the critical micellar concentration (CMC) were able to remove 97 and 99% of the oil, respectively, after 1 month of impregnation.
INTRODUCTION
The term surfactant is an abbreviation of the expression "surface active agents" (8) . These compounds have been exhaustively studied, and they are fundamentally distinguished by their amphiphilic and amphipathic characteristics and by their ability to decrease surface and interfacial tensions of liquids. Biosurfactants are surfactants produced by microorganisms, either directly in microbial cell surfaces or by extracellular secretion. As amphiphilic molecules, biosurfactants contain hydrophilic and hydrophobic portions, and their structures are typically composed of one or more classes of compounds, including mycolic acids, glycolipids, polysaccharide-lipid complexes, lipoproteins, lipopeptides, phospholipids, and/or the microbial cell surface itself (12, 23) .
The main biosurfactant market is the petroleum industry, where they have been incorporated into oil formulations and utilized in petroleum production and bioremediation. The advantages ascribed to biosurfactants include: their biodegradability, their reduced toxicity and the possibility to be produced by renewable raw material (16) . These first two advantages make biosurfactants preferable to chemical surfactants, particularly for environmental applications.
Consequently, enhanced oil recovery as well as soil bioremediation represents a large market (2, 18, 19) . Due to their hydrophobicity, oil hydrocarbons bind consistently to soil particles. They also form holes in soil that may exclude water and nutrients. The surface area of oil can be increased by adding synthetic or biological surfactants, which increases the mobility and solubility of hydrocarbons and favors microbial Studies on the kinetics of biosurfactant production and the nutritional requirements of microorganisms can generate important information about microbial metabolism that allows these parameters to be adjusted to meet the needs of biotechnology. Therefore, we investigated the influence of nutritional parameters and culture conditions on biosurfactant production by a strain of Rhodococcus erythropolis, and then we applied this knowledge to the treatment of crude oilcontaminated soil.
MATERIALS AND METHODS

Microorganism and growth conditions
Rhodococcus erythropolis ATCC 4277 was obtained from the bacteria collection of the Department of Microbiology, University of São Paulo, Brazil. The inoculum was grown in sterilized medium as described in Ciapina et al.,2006, (4) and the cells were centrifuged (9000 x g) and used as fresh inoculum for shaken flask and bioreactor experiments.
Shaken flask experiments
The basal medium used for all experiments contained NaNO 3 3.4 g; NaCl 
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Analytical methods
Microbial growth was monitored by biomass measurements by means of optical density observations of the cell suspension at 600 nm, followed by normalizing to the dry cell weight from a calibration plot.
Biosurfactant production was estimated by the concentration of polysaccharide. The choice of this method for surfactant quantitative determination was due to the ability of R. erythropolis to produce predominantly polysaccharide-class surfactant when glycerol is used as the carbon source.
Polysaccharides were obtained by precipitation of the cell-free spent medium with 95% ethanol (12) . After extraction, total sugars were estimated by the phenol-sulfuric method (6).
The emulsifying activity of the polysaccharide previously isolated was estimated by the method of Cooper and Goldenger, 1987 (5) . Samples of 2 mL of cell-free spent medium were precipitated as described previously, and the precipitate was added to 2 mL of n-hexadecane and vortexed Glycerol concentration was analyzed by enzymaticcolorimetric assay using a triglycerides kit (GPO/POD -CELM/Brazil). The nitrate concentration was determined colorimetrically by the brucine sulfate method (4).
Washing experiments
The method for washing crude oil-contaminated soil was from Urum et al, 2003 (21) . Four levels of biosurfactant concentration were utilized: equal to the CMC, twice below the CMC, twice above the CMC and four times above the CMC (0.45 g/L, 0.23 g/L, 0.9 g/L and 1.8 g/L, respectively).
Contaminated soil samples were divided into three groups:
immediately contaminated, one-month contaminated and twomonth contaminated. Five grams of the contaminated soil was introduced into flasks containing 25 mL of biosurfactant (precipitated polysaccharide) solution. Flasks were incubated at 30ºC, 300 rpm, 120 min (4). After 3 min of decantation, 1 mL of the supernatant was washed with n-hexane to remove the crude oil extract (21) . Absorbance of the n-hexane/crude oil solution was measured at 294 nm using DU70
Spectrophotometer (Beckman, Germany).
RESULTS AND DISCUSSION
Effect of phosphate concentration
The phosphate buffer used to prevent pH decline had a strong influence on biosurfactant production and cell growth.
In this study we varied the concentration of the phosphate buffer (K 2 HPO 4 :KH 2 PO 4 1:1) from 30 to 300 mmol/L and evaluated its effect on fermentation. As shown in Table 2 
Effect of different nutrients on biosurfactant production
The results of the fractional factorial design with four center points are depicted in Table 3 . The highest yield factor of product on substrate consumed (Y P/S ) was obtained in essay (Table 3 and Figure 2 (b) ), pointing out that this complex source of nutrients is necessary since it induces highest production of biosurfactant by R. erythropolis. 
